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r m r> xwp BACKq fQtiwn or the INVENTION 
The present invention rtUUi to a method and apparatus for 
optically inspecting the surface of an article for defects. The invention 
is particularly useful for optically inspecting patterned seeiconductor 
wafers used in producing integrated-circult *Ues or chips, and the 
invention is therefore described below particularly with respect to this 
application* 

The inspection of unpattemed semiconductor wafers for 
surface-lying particles is relatively simple and can be easily autommtod. 
In one known type of such system, the wafer is scanned by a laser beam, and 
a photodetector detects the presence of a particle by collecting the light 
scattered by the particle. However, the inspection of patterned 
seeiconductor wafers for defects in the pattern is considerably more 
difficult because the light scattered by the pattern overwhele* the light 
scattered froe the particles or defects, thereby producing high rates of 
false alarms. 

The dieting inspection systems for inspecting patterned wafers 
are generally baaed on analyzing high resolution two-dimensional images of 
the patterned wafer utilizing an opto-electric converter, such as a CCD 
(charge-coupled device), on a pix*l-by-pixei basis. However, the extremely 
large number of pixels involved makes such systems extremely slow. For 
this reason, the inspection of patterned wafers is done at the present time 
alwost only for statistical saepiing purpoaes. As a result, eicrodefects 
in patterned seeiconductor wafers remain largely undetected ur.til a 
considerable number of such wafers have been fabricated and have begun to 
exhibit problems caused by the detects. The late discovery of such defects 
can therefore reault in considerable loeses, low yields, and large 
downtimes. 

There is therefore an urgent need to inspect patterned 
semiconductor wafers at relatively high speeds and with a relatively low 
false alacm rate in order to permit inspection during or immediately after 
the fabrication of the wafer so aa to quickly identify any proceas 
producing defects and thereby to enable immediate corrective action to be 
taken. This need is made even more critical by the increasing element 
density, die size, and number of layers in the integrated circuits now 
being produced froe theae wsfera, and now being designed for future 
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production, which requlr.a that tha number of mlcrodafacts per wafer be 
drastically reduced to attain * reasonable die yield. 

An object of the proaent lnvantton la to provide a noval method 
wuj tpparatu* having advantages In tha abova reapecta for inspecting tha 
aurfaca of articles for dafacta. 

in particular, an object of tha lnvantton la to provida a method 
and apparatus for autoaatlcally Inspecting pattemad ...Iconductor -afar, 
ch-ractarlaad by a ralatlvaly high spaad and relatively low rata of falsa 
•Una such that tha pattarnad wafers may ba ta.tad while tha wafers ara in 
tha production Una to quickly anabla tha fabrication paraonnal to Idantlfy 
.ny procaaa or equipment causing ylald raductlon. to rac.lva fast feedback 
information aft.r corrective actlona. and to predict potantial yiald loss. 

A atlll furthar objact of tha lnvantion la to provida an 
inspection method and apparatua which ara capable of Inspecting all tha 
critical layars. and which supply data on dafacts causad by tha presence of 
partlclaa and dafacts in tha patterns. 

According to tha prasant lnvantion. thara is provided a Mthod of 
inapectlng tha surfaca of artlclea for defects, comprising: placing tha 
articla to ba inepected on a tabla; in a first phasa. optically examining 
tha complete surfaca of tha articla on tha tabla at a ralatlvaly high spaad 
and with a ralatlvaly low spatial rasolution; alactrically outputtmg 
information indicate suspactad locations on tha articla havino a high 
probability of a defact; storing tha outouttad information in a storage 
dcvica; and in a sacond phasa. whlla tha articla is still on thw tabla. 
optically examining with a ralatlvaly high spatial rasolution only tha 
suspected locations stored in the storaga davica for tha presence or 
absence of a defect in the suspactad locations. 

According to further features of tha invention, tha first 
examining pha.e is effected by optically scanning tha complete article 
surface to be inspected; and the second examining phase la automatically 
effected immediately after the first phase by Imaging only tha suspected 
locationa on a converter vnich converts the images to electrical signals 
«nd then analyses the electrical signals. 

According to still further features in preferred embodiments of 
tha invention described below, the surface of the article to ba inspected 
includes a pattern, e.g.. a patterned wafer used for producing a plurality 
of intagrated-circuit dies or chips. The first examining phase is affected 
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ty ..Kin, . co.p.ri.on b.tw..n th. in^et- P-tt.m and «^ t ^- 
.Lin, a. a r.f.r.nc. p.tt.rn. to id~tify 1-ticn. on th. i P« 
p.tt.rn wh.r.ln th.r. .« .ufflclant differs.. -1th 
Hf.r.nc. patt.rn to indict. . high probability of . *fet in th- 
"^cfd «- — ph... 1. .1- * .a in, a 

co.pari.on b.tw~n tfc. :.««*•« P-ttarn and th. r.f.r.«c. patt.m. to 
Zltr location, on tho in.P~fd P— wb.r.ln «• 

.utflclant diie.m^ «ith r„P~t to th. r.f.cnc. p.tfn» to indict. 

th . pr ...nc. of a d.Cct in th. .u.p~t.d location of th. l~P~t.d 

P4ttt " 1 ' Th. r.f«.nc. patt.rn «y b. a P-tt.rn on »th,> UK. .rtici. 

di.-te-dl. co.pari.on,. anoth.r UK. patt.m on th. . .a~ .rticl. 
(r.p.titiv. P.tt.m co.par.aon.. or data .tor* in a dat.b... (di.-to- 

d*tftb*i« comparison) . 

Xt will thus b. ...n that th. nov.l ..thod ot th. pr...nt 
invntlon primarily .onitor. chan,.. in th. d.f.ct d.n.ity whil. 
..mtainin, a hi,h throu,hput with a r.l.tiv.ly low fal.. .U» «f. Thua. 
th. fir.t .»a.ination i. don. at a r.l.tiv.ly hi,h .p~d and with a 
r.l.tiv.ly low apati.l r.aolution to indict, only .u.p.ct.d 
havin, a hi* probability of a d.fct; and th. ..cond .aanxnatxon x. dc. 
with a r.l.txv.ly hi,h .pati.l solution but only with ra.pact to tn. 
.u.p.ct.d locate, navin, a hi,h probability of a dafct. Th. ..nativity 
ot th. two ph.... -ay b. ad,u.t.d accordin, to th. W xr...nt. for any 
particular application. Thu.. wh.r. th. application involve a r.l.tivly 
low nu*b.r of d.f.ct.. th. a.n.itivity of th. fir.t .xa-ination ph... -ay 
o, mcr...* to d.t.ct vary ..all d.f.ct. at a hi,h .p.* but at th. 
..pen., of an incr...* f.U. alar. rat.. Howv.r. .inc. only r.la v.ly 
t.w .u.p.ct.d location, ar. «a.in.d in th. a.cond ph.... th. ov.r.11 
action can b. .ffcfd r.l.tiv.ly o.icKly to .nabl. th. 
per=onn.l to id.ntlfy d.f.ct. ««.* by .ny proc... or ^uiP-nt. and 
iwediat.ly corr.ct th. cua. for .uch d.t.ct«. 

Accordin, to a furth.r f.atur. of th. invntion. th. fir.t 
....inin, ph... 1. .ffct* by ,.n.r.tin, a fir.t flow , ™ ■ at. 
r . P r«.ntin, th. pi»l. of diff.r.nt ina,.. of th. in.p.ct.d patt.rn « t. 
o.n.r.tin, a a.cond flow of N atr..-. of data r.pr.a.ntin, th. pi-.l of 
diff.rant i~,« of th. r.f.r.nc. p.tt.rn unit; and co-parin, th. data 
til !ir.t flow with th. data of th. ..cond flow to provid. an indication of 
th. .u.pacd location, of th. in.p-ct.d p.tt.rn unit havin, a hi,h 
probability of * d«f«ct. 
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According to .till further f.tur.. of th. invention, th. pattern 
i. ba.ed on . grid of wU.lr-.MC* Um. «' — th * 

h .tr.a- of data la «ch flow «. o«.r.fd by . clrcul.r .rr.y of light 
collector.. Th. light collector, are located to collet th. light In 
r . 9 ton. .Idw.y betw^ th. angularly-P-ced line, of th. grid. Such an 
«rr.ng..«nt .inl.Le. th. «ount of fttw-fftaet- light. collated by 
th. light collator.; that l.. .uch .n arrang—nt do., not ... -o.t of the 
patt.m, «c.pt patt.rn lrr.gul.rltl... com.r. «d curv... 

Pr.t.rably, th.r. .r. .lght light collator. each locate to 
coll.ct th. light in . reclon .ldway b.t«~n ..ch p*lr of th. 
.noul.rly-.paced lln.. of th. grid; It 1. cont..pl.fd. however, that th. 
,y.t.. could includ. .noth.r ...ber. e.g.. four .uch light collator, 
equally .paced bctwMn th. grid lln... 

According to .till furth.r f..tur.. of th. invention, th. .econd 
•»..lnina ph*«. l. .ffected by leagln, on . converter ..ch «u.p~ted 
lection ot th. in.p.cted patt.rn unit and th. corre.pondino location of 
th. r.t.r.nc. patt.rn unit to output two ..t. of .l.ctric.1 signal. 
corr..pondlng to th. pu.1. of U. insp~ted pattern unit .nd th. r.f.r.nc. 
pattern unit. r.«p~txv.ly; .nd coaparma th. pia.l. of th. iiupocud 
pattern unit with th. corresponding pi«l« of th. r.f.r.nc. pattern unit to 
indict. . d.tect whenever . .is«tch of . pred.ter.lned eagnitud. i. found 
to e.i.t *t th. re.pectiv. lection. Uch .wpected loc.tion of th. 
in.pected p«tt.m unit and th. r.f«r«nc. patt.rn unit I. « * 

plurality of dlff.r.nt depth., and th. .l.ctnc .ignal. of on. «.t «r. 
shifted with re.pect to tho.. of th. oth.r ..t to match th. respective 

depth, of th. laagea. 

Th. invention .1.0 provid.. .pp.r.tu. for m.p-cting .rticl... 
particularly p.tt.m.d semiconductor w.f.r.. in .ccordanc. with th. abov. 
m«thod. 

rurth.r f.atur.. and .dvantag.. of th. invntion will be appar.nt 
fro. th. d.tcription below. 

BffTrr nrsrmPTTON Of THE PIWIM5 
Th. invntion 1- h.r.in d.scrib*. by way of ..a-pl* only, with 

r.f.rcnc. to th. accompanying drawing., wh.r.m: 

fio. t ia a pictorial illu.tration of on. for. of apparatu. 

constructed in accoroanc. with th. pr...nt invention; 

rig. 2 i. * block diagram of th. apparatu. of rig. M 



n f . 3 i. . dlM«. mu.tr.tln, th. *— — 

•.upcitun .« th. u,ht ..n.c». i. »«• »• " ' 

!„« nlUetu. .on.. 1. th. «.»,.-«« .< «... « «- 

U» ,r.pr~....r .» « O— I «» "*Hr„ In. 

UU.tt.tin. th. .Horlth. ln~lv«l in .«• «< th. w 

„..l ch.J.r...r - »«• tt, - MUW ,M *" S " 

""• ' . Miuutioa olcul.tor in ih. 

option oC th. cccb.r -itch mu-.« «i 



Fig. 23 It * block diagram haipful in undaratanding tha oparation 
of tha acorm calculator of Fig. 22; 

Fig. 24 la a block diagram Illustrating mora particularly tha 
Oaf act Datactor portion of tha iaaga procaasor of Fig. 14; 

Fig. 23 la a block diagraa illuatratlng mora particulars of tha 
comparator 77 of Fig. 24, Fig. 25a illuatratlng tha algorithm involvad; 

Fig. 26 la a diagram Illuatratlng tha sain alamanta of tha Fhaaa 

IX optic ayatam; 

Flga. 27-3 1 ara diagraaa Illuatratlng tha conatruction and 
oparatlon of tha Fhaaa XX anamination ay a tarn; 

Fig. 32 la a diagram haipful in •aplainlng tha rapatitlva-pattarn 
comparison tachniqua; 

Flga. 33. 34 and 35 ara block diagraaa corraaponding to Figa, 12. 
14 and 24. respectively, but shoving tha modification for tha repetitive 
pattern-pattern comparison tachniqua; 

Fig- 36 la an optical diagraa corraaponding to Fig. 26, but 
illuatratlng aodif icationa in tha Fhasa XX examination; 

Fig. 37 is a diagram haipful In e«pHining tha aodif icationa in 
tha Fhaaa XX examination; 

Flga. 38 and 39 ara block diagrama corraaponding to Figs. 27 and 
26, respectively, but showing tha changaa in tha Fhaaa IX eaemination; 

Fig. 40 la a block diagraa illuatratlng an laplaaantation of a 
die-to-databese comparison tachniqua; 

Figa. 41 and 42 ara diagraaa illuatratlng tha kinda of comara, 
and kinda of curvaa, involvad in tha systaa of F: • 40; 

Fig. 41 is a diagraa illustrating tha array of dotectora involvad 
in tha ayatem of Fig. 40; 

Figs. 44, 45 and 46 furthar diagraaa haipful in explaining tha 
operation of tha systaa of Fig. 40; 

Fig. 47 is a bloc* diagraa illustrating tha praprocassor in tha 

systaa of Fig. 40; 

Fig. 46 is a block diagraa haipful in axplaining tha operation of 

tha spannar in tha ayatea of Fig. 40; and 

Fig. 49 la a flow chart illustrating tha operation of tha spannar 

in tha systaa of rig. 40. 
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n. motion wr.t«. »ll««.Md in » • 

— • - :;r:r; r:;r - 
r;: rr;.::.:'-.::; - . - trr;:^ 

e.ll.et.r. 4 .rrancod « • t0 C ° U#Ct * of 

ro . U- -«.r - *• — th. .ctt.rod 11** to . P V o< 

d .t.ctor. 5. Th. output, of th. d.fctor. 5 .r. t.d vi. . H-m X 
I U...OC * to . X — P-..oc , -cn proc.." . th. 

nation und.r th. control o< . -« controll.r . ~ m • 

pr ec...or , pro. th. o, th. <™2\\<^ « ^ 

>„<or..tlon indic.tin, .««P.ct.d location, on th. * * 4 

probity e< . d.fct. Th... .«.P.ct^d location, .c. .t.r« «*h 
■tor.g. d.vic. in th. win controller e. 

CM, O- .-..0.- — — ■ £ 
d«f#ct art •K*»in#d by tn« rn«*« -«*«..i«etric 

„„,.„.,. . ceo ..«« '• ~* tM o . *~ 



output. infor-tlon indicting th. pr-nc. or .b..nc. of . ^ » ••«* 

•ust»ctod location oaaain©d in Fh*«« XX. 

in th. block di.gc iUu.tr.t1 in rig. a. th. t.bl. * of rig. 
1. .nd ...ocl.t- .!-«» involv- 1« th. w.f.r h«dllng .y.t-. «• 
indict -.n.r.Uy by bloc. 12. T.bl. 2 " control!- by . 
control .r-t- indict- by bloc. 13. to .ffoct th. propor po.lt n, of 
th. w.f.r on th. Cbl. 2 in cch of th. Ph... X *— th... XX 

ph..... ^ .l.o th. .cnnin, of th. «f« « to th. «— X •"^"r 
tt- U,ht d.t^tor. S of rio. 1 «. includ- in th. Ph... x 

.tuition ..n.or indict- by bloc in «g. 2; «d th. opto-' , Uctric 
conv.rt.r 9 of fig. 1 1. Includ- within th. Fh... XX 1»* W l.ltlon 
■•n«or Indict— by block 8. in fi«. 2. 

fig. 2 also lllu.tr.f. . po.t proc...or 14 proc.lng th. 
ln for«tion fro. th. Fh... X proc...or 7; th. «ln controls e which 

«d .ynchronl... th. <Ut. «d control, th. flow; . k.ybcrd 15 
, MbUn , th. opoctor to input inforctlon into th. -in controll.r 6. — 
. .omtor 16 «-bllng th. oo.r.tor to .onitor th. proc.-in, of th. 
information. 

Ml th. .l...nt. in th. w.f.r tundling «d leg. .cqui.Ulon 
.ub.y.t.. for both ph.... .r. includ- within th. 0 rok.n-lln. box gen.r.lly 
„..i,n.t- A in rig. 2; .U th. of th. i-« ' U * Y ' t " 

(b oth th. .Igorlth.. .nd th. h.rdw.r.) for both ph.... «• l-lc*t- by th. 
brok.n-lin. block «d all th. in th. opor.tor con.ol. .ub.y.t- 

indict- by th. brok.n-lln. block C. Th. l.tt.r .ub.y.t.. includ,. 
not only th. «in controller 6. k.ybo.rd 15. *nd .onitor M. but .l.o . 
ox.phic t.r.ir.»l unit, «hown *t 17 In fig. 1. 

Th. oth.r .l...nt. Ulu.tr.t- In rig. 1 «• d..crib- .or. 
p.rticul.rly b.low in ccnn.ctlon nth th.ir r..p~tlv .ub.y.t.«. 

u, f .r M.rtHM «n<1 Hunt nrw»»tl« 

no. 3 .or. p.rticul.rly tllu.tr.t.. th. w.f.r hutflUW .nd icg. 

•cqui.ltlon «ub.y.t.. S. (Tig. 2». 

Thl. .ub..ctton includ.. th. tabl. 2 which 1. of . l«g. «« 
..uch .. of granit... " » —c- on vibr.tlon l.ol.tor. 20 to d..p.n 
high fr.qu.ncy vibration, fro. th. out.id. world. 

Th. .ub..ctlon Ulu.tr.t- m rig. 3 .l.o includ.. th. .ov...n 
controll.r O controll- by th. ,.in controll.r 6. Movant controll.r 
control. . on..dir.ction.l .cnnwg .t.g. 21 . Thl. .t.g. "v.. . v.cuu. 
chuck 2< which hold. th. w.f.r fl.tt.n- during it. wv...nt in on. 
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r a tha fhaM X ••twort 5. as tha l " #r 
..as of this .tag. aarvaa alto during ths> Phaaa 

r.t.t.. th. tf~t It. ..I. to it w.iuir. » «. - ' 

sr.. ta ««• » — — - — " 

nt. J .e»...tic.ur m-tr.t.. • «•<" " ""T 

c...«». » - ». » -•<« " ' r ri „ 

. «eh..atlcally Illustrated m rig. 

w.f.r angularly and cantar. it. and alao ache.atica y 

j lB „ optical char.ct.r racoonltion unit 29 which r.ad. th. -afar 
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identification coda. ... _ 

In ( lo llv individually wall-known 

*{ Tha for.going coaponanta ar. generally lnaivioua , 

4nd .ra ther.fot. not daacribad harain in datail. 

mm T Arris svatn „ . 

M shown in rig. 4. tha laaar 3 (e ,.. ar. argon „ ,„ 

S.„, b. cn i. pa.sad through a pol.r«.r b... aplitt.r 30 oriant.d in 

.uch a way to tr.na.it th. Um. Ught to th. -afar W. tut to r.fl.c tha 

^.cJlight fro. th c to a photodat.ctor 3,. ~ ^™ . 

.„ Metric s.gnal controlling t X pr.proca.aor Th- 1 

, r0 . .... .Plittar 30 i. paa.ad through a baa. «H« «• 

cylindrical l.n. 33a. a d.fl.ctor 3*. anoth.r cylindrical len. 3 . a 
/old.n, .irror ». . .ulti-gnitication t.l.acop. 36. a ^ .pUtt . 
. tartar w.val.ngth pl.t. 3« which conv.rt. th. lm..rly pol.riz^ light 
t. . circuurly poUrn.u Uoht .nd vie. vara., and rin.lly through . 
.IC..COP. o b) .ctiv. wnich focu... th. laaar baa. on th. w. ar w 

Th. b... .-P.nd.r n -Panda th. U..r baa. di.-.t.r to fill th. 

0P ,ic ap-rtur. of th. doCUctor ,«. and th. cylindrical l.n. 33. focu... 
L L..r baa. onto th. daflactor 34. O.fl.ctor 34 1. an acou.to-opt.c 
d .n.ctor. :t .can. th. U..r b... »n on. orthogonal dir.ction in a 
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,„tooth in th. tla. dowin. while th. motion controller »ove. the 

[ill* <and th. waf.r thereon) In th. oth.r orthogonal direction in order to 
.can th. eo.pl.tt surface of th. w.f.r. Th. folding mirror 33 reflect, the 
U..r b*u into th. .ultl-a.gnifle.tion t.L.cop. 36. which match., th. 
laaer beam dlam.t.r and .cm .perture to fit th. input retirement, of 
.tandard microscopic optic. Slit 40 within t.l.acop. 36 p.rmlt. only th. 
fir.t ord.r d.fr.cted light of th. l...r b.am to imping, th. water W. 

8... aplltt.r 37 pa.s.s • part of th. beam to th. waf.r, a. 
described abov., and r.fle«ts another part to an autofoeua unit 41, which 
determine. wh.th.r th. «t.r la In th. focus of th. mlcro.cop. obiectlv. 
39. Th. autofoeua unit can be a standard on., aueh aa th. on. u.ed In th. 
Leitz Ergolux alcro.cope. 

Th. light reflected fro. th. la.ar beam by th. w.f.r * b«lng 
tnapect.d la collect* by a plurality of light collectors 42 arrange In a 
circular array around th. objective l«na 39. aa shown mor. particularly In 
rig.. 5 and 6. Th. patt.rn on th. w.f.r « la based on a grid of lines 
.paced 4S« fro. ..eh othar. Th. circular array of light collector. 42 ar. 
located to coll.ct the light in th. r.glona midway between th. 
angularly-spaced lln.. of th. grid, in ord.r to minimira th. amount of 
pattern-r.fl.cted light collect* by th... In th. .aa.pl. Ulu«trated In 
riga. S and 6. there ar. eight of «uch light collector* 42. .ach .paced 
midway between two adjacent grid line.. Th. apparatua. how.ver. could 
include only four of «uch light collector., aa deacribed .or. particularly 
below with ro.pect to rig.. 6a. 7a and 6a. 

Baffle. 43 (Tig. 7) keep, .purloua laser light ftom reaching the 
wafer W. further baffle. 44 <rig. 6) between th. light collector. 42 liait 
the fi.ld of view of th. light collector. 42 to the predetermined region on 
the wafer to minimize the .mount of spurioua laser light collected by 
them. 

Each of th. light collectors 42 include, an optic fibre having an 
inlet end 42a (Tig. 7) adjacent to the point of impingement of th. la.er 
be., on th. waf.r M, in ord.r to collect th. light scattered by the wafer, 
•nd an outlet end 42b adjacent • lens 45 for focussing th. light onto a 
photodetector senaor 46. 

The inlet .nd 42. of each optic fibre la confined to a .haped. 
curved region, a. more particularly illu.tr.ted at 47 in rig. 8. Thi. end 
of each region ha. a pair of «ie«« 47a. 47b. converging fro. a ba.e 47c. 
which bas. 1. located .ub.tantially parall.l to th. tabl. 2 receiving the 
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w . t . f * to b. (MfKUd. Th. t-O .Id.. 47.. 47b Comr.rg. to . poUt* tip 
4,d ovrlying th. tibl. MC.iving th. w.f.r. 

M .ho«n in fig. 6. th. inl.t .nd. of th. optic flbr.. 42 thu. 
d.fln. light collating .on.. «. MP.r.t.d by non-eoll.cting .on.. * X« 
th. illu.tr.fd .,~pl.. th. width of ..ch llght-colUctln, .on. a i. «6 
.t th. botto. .urf.c. <47c>. «d it. Might (♦) !• «9«. Such « 
.rr.ng.™t .ini.i... th. p.tt.rn-r.fl.ct.d light. «d h-UIn. th. 
d.f.ct-r.fl*ct*d li9ht. collet* by th. light collator.. 

*noth.r ««P1. of th. lioht-9.th.rino optic, which ~y b. u..d 
1. illu.tr.fd in fi,.. 6*. 7. .nd ... corr.-pondln, to th. ^•■ c ^ 
Ti,.. 6. 7 ^ 6. r..o.ctiv.ly. In thi. .-PL. «— '" ~» [™ ^ 
collator., th.r.ln d..lgn.t.d 42'. loc.tod .t angl.. of 43 . 135 . 223 
^ 3 ,3«. t ..p~tlv.ly. thi. conflgur.tlon i. . M f«I — th. ob 3 .ct t o b. 
in.p~t.d con.i.t. of lin.. in only two orthooon.1 diction. (0 «d 90 )• 
xnothr .dvint.g. of thi. conflgur.tlon i. th.t th. ob,.ctlv. 39 ~y h.v 
. hx,h.r nu-.ric.l .prtur.. .nd thu. th. .pot — tor .caning «r 
b. «.U.r. Th. light colLcting ton., in thi. conf igur.tion .r. 
iliu.tr.fd .t 47' in fi,. e.. A. on. .k« P U. th. width a of th. light 
collating ron.. «y b. 30*. .nd th.ir h.lght «y b. 43*. 

A. .hown iv. fi9. «. th. w.f.r " b.in, ln.p.efd i. for-d with . 
plur.lity oe infgr.fd-circuit di.. ..ch including th. .... 

p.tt.m. in th. Ph... I .^ln.tlon. th. ccpl.t. .urf.c. of th. w. fr i. 
Inned by th. l...r b.~ 3. .nd th. r.sultin, .c.tt.cd light i. coll.cfd 
by th. .bov.-d..c«b«l light collator. 42 in ord.r to d.fct d.fct.. or 
.t l...t tho.. .u.p.cfd .r... h.vin, . high liK.lihood of including . 
defect and th.r.for. to b. wr. c.r.fully .««in.d during th. Ph... XI. 
.x.«in.tion. M .1.0 indicts .bov., during th. Ph... X .»~in.tion Und 
.1.0 th. Ph... XX .,«in.tlon>. th. p*tt.m of on. dl. 0. ..rvin, « th. 
m.pecfd p.tt.m. i. co B p.r«l with th. light p.tt.m of .t l.«t on. oth.r 
di.. ..rvin, .. th. r.f.r.nc. p.tt.rn. to d.f r,ln. th. HK.lihood of . 
d.fct b.ing pr...nt in th. in«p.ct.d patt.rn. 

ri g.. 9-11 illustr.f th. ««nn.r of c.rrying out th. .cnning of 
th. w.f.r in th. Ph... I .x.*in.tion. 

Thu.. .. .hown in rig. 9, th. ItMf b... i. d.fl.cfd in th. 
X-dir.ctlon by th. .cou.to-optic d.fl.ctor 34 (fig. 4, .o .. to for. . 

.e.nnlng lin. .hown .t 30 ui rig. ... At th ti... th. .c.nn no . g . 

2 , of th. t.bl. 2 .upportmg th. -.f« H .ov.. th. w.f.r b.n..th th. 
.pot .t . continuou. con.t.nt v.loclty in th. V-dir.ction. to th.r.by 
produc. . r..t.r .c.n indic.fd .t 5. In fig. ... in th. « W to 
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illustrated, the scanning length of Una 50 1« 1 «• 0,000 microns); the 
distance between two adjacent llnea * y la 0.6 microns; and the dietance 
•quel to tha aampiing diatance In the X-dlrection la eimllarly 0.6 
mlcrcna. The apot else of the laaer beam, ahown at 52, it about 3.0 
aicrone (i.e., covering approximately 3 sample points)* 

Thus, the scsnnlng stage 21 scans tha wafer bitwwfl the polnta a 
end b in the y-direction, aa shown in rig. 9. As a reeult,. an araa is 
covarad having a width (w) of About 1 aa, and s langth equal to tha 
dlstanca between point a and b. 

Tha wafer la than moved in tha X-dlrection from point b to point 
c (fig. 9) by tha scanning stags 22 (Fig. 3), and tha araa betwaen polnta c 
and d la than scanned, and so forth. 

Tha scanning la dona in such a way that thara la an overlap (t, 
fig. 10) batwaan adjacant atripas acannad by tha iaaar beam 52. Xn tha 
example Illustrated in tha drawings, tha ovarlap (t) la 0.2 aa. 

In thia manner, different dlaa on tha aaaa wafar ara continuously 
acannad to produca tha scattarad light collactad by tha light collectors 42 
(or 42*, figs. 6a-6e) ao aa to enable a dle-by-dle coaparlson to be made of 
each die, called the Inspected die, with another die. called tha reference 
die, to produce an indication of the probability of a defect in tha 
Inspected die. 

As indicated earlier, the Phase X examination system may include 
eight light detectors 46 (or four light detectors where the variation of 
rigs. 6a-6a Is used) for inspecting the wafer for defects. However, It may 
also include a further detector (a reflected light detector) to provide 
additional Information for the registration procedure. Thus, the 
misalignment may be detected from the reflected llqht detector image by 
computing the cross-correlation between a rectangle of pixels in the 
inspected image, and the rectangle of pixels in the reference image in ail 
possible misalignments. This information may be used where the score 
matrix computed In the alignment control circuit does not provide a 
significant indication of the correct misalignment. 



Phase T Image Processor 

The Phase I examination is effected by: (a) generating a first 
flow of M streams ot data <N being the number of light collectors 42, or 
42') representing the pixels of different images of the inspected pattern; 
(N Generating a second flow of N streams of data representing the pixels 
of different images of the reference pattern; and (c) comparing the data o 
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typo of tho current pixel, which U tran»ltted directly to the Co«oarator 
77. 

r i„l characterlser 74 includes two Input*: (•) the dlcital 
luce, outputtod fro. the Delay iuff.r 71 ; and (b) th. threshold v.lu.s 
fro. the Thr.ahold Processor 70 foe tho relevant para~tera. to enable a 
decision to b« udt u to tho pixel typo. ««•! Characterlser 74 Is 
described aoro particularly below with respect to Flo. 17. 

Tho Mforonco Olo K.aory 75 stores an lsaoe of tho reference 
pattern. This lu,. contains both tho intensities of tho pixels and thotr 
classification typo. It includes a Flsolo Input (a), recelirlno tho oray 
level for oaeh pixel fro. tho Oolay luff or 71, and a Typo Input (b), 
roc.tvlna tho pixel elaialf Icatton fro. tho Pixel Characterlser 74. Tho 
input, aro actlvo only when tho roforoneo pattern la bolng scann*. and tho 
raforoneo iu f i la rotrlovod when needed for tho purpoao of cooperleon with 
tho inapected laaoo. Xt Includaa a Pixel, output (b) applied to th. Scoro 
Calculator 73 and alao to tho PUol alienor 76. and a Typo output appliad 
to tho Pinal Alienor 76. 

Th. Pix.l Allonar 76 executes an advanco or a dalay »n tho pix.la 
boino outoutttd by th. Reference Olo M.«ory 75 baforo th.y raach th. 
coapariaon etaoe. *n ordar to alien th*. with tha currant pixel In th. 
inapected 1 U9 «. Ita inputs ar. th. pixels lntanalty and type output, fro. 
th. Mf.r.nc. 01. M««ory 75. and also an .llona.nt control Input fro. tho 
Alian..nt Coaput.r 62 ITiq. 121} and It outputa tha r.f.r.nc. Imao. pixel 
ctr.aaa with an advanc* or dolay. 

Coaoarator 77 carnal out a cooparUon batw.an th* inspected 
i»a 9 e in th. vicinity of th. currant pix.l. and th* r.f.r.nc* l.a 9 . in tho 
vicinity of th. corresponds pl«.l. Thla coaparison la udi with respect 
to a varlablo thr.thold l.v.l. which is dooondont on th. pix.l typ. of th. 
curr.nt pix.l in th. r.f.r.nc. and lnsp*ct*d Imo«. Thus, its inputs 
(*)-(d) tneludo th. ptsols int.nalty «nd typo in tho r.f.r.nc. laaoo fro- 
th. Pixel Alienor 76. snd th. piaol int.nalty and typ* in tho malted 
i.«o. fro. th. Oolay suffer 71 and Pix.l Charact.rix.r 74. respectively. 

Pl 9 . 15 aora particularly liluatrataa tho Registrator <e. 9 .. 64a) 
of no. U. oapoeially th. Thr..U>ld Proco.aor 70. Oolay Buffer 71. Pix.l 
Charact.rix.r 72 end Scor. Calculator 7J. 

Aa d.ocnbod ..rli.r. th. Thr.ahold Procter 70 coaput.a th. 
thresholds for classification of th. pix.ls as th.y ara seannod. tha 
computation beino based on histooraw of tho characteristic psr.».t.rs. 
Th. Thr.shold proc.sor thus includes a f ia.i Par...t.rs Calculator 70a. 
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wh ich calculate tha paraaatara of tha current pl«al on tha baala of lta 
inaadlata aurroundinoi; a Hlatograaaar 70b which coaputaa tha hlatocraa of 
tha current plxala paraaatara; and • Thraahold Calculator 70c which 
•xa.inaa tha hiatoaraa for aach paraMtar and datarainaa fro. it tha propar 
valua of threshold for that paraaatar. 

Tha Dalay iuffar 71 corrtcta tha tialno of tha arrival of tha 
rafaranca and lnap^tad laacaa to that of tha arrival of tha raolatration 
point flaoa froa tha Piaal Charactarlxar 72. Thin. Oalay *uffar 71 
ineludaa a buffar 71a for tha inipactad laaca, and a buffar 71b for tha 

rafaranca laaga. 

Tha ruil Charactarlxar 72, aa daacrlbad with rafaranca to fie. 
14, chooaaa tha raglatratlon point on tha baala of tha piaal typa. It 
ineludaa tha following eubunita: a PLal Paraaatara Calculator 72a. which 
calculataa tha paraaatara (cradlant. ratio, aaalaua) of tha currant pixal 
on tha baaia of its iaaadiata aurroundlnoaj Thraahold Coaparatora 72b which 
co-para thaaa paraaatara with tha thraaholda which hava baan aat aaparataly 
for aach paraaatir by tha Thraahold Procaaaor 70; and a Oaciaion Typa Tabla 
72c. which datarainaa. on tha baala of tha raaulta of tha coaparlaon by tha 
Thraahold Coaparatora 72b. whatht; tha currant pixal ia auitabia at tha 
aaapling point to carry out raolatratlon. 

for avary raoiatratlon point tha corraapondanca of ita 3x3 pixala 
nai9hbourhood la aaaturad aoamat pixala in a ranoa of i* in tha 
corraapondlne atraaa. fio. Hi illuatrataa tha algorithm, ror aach o! tha 
(2r.1)k(2R.H poaaibla alaalignaanta. a corralatton aaaaura la coaputad aa 
tha normalltad aua of abaoluta dlffaranca. Tha corralation aatricaa 
coaputad for diffarant ragiatration pointa ara auaaad. and tha ainiaal 
valua in tha aatrix corraaponda to tha corract aiaallgnaant. 

Tha Scora Calculator 73. aa daaenbad aarliar with rafaranca to 
no. 14. coaputaa tha acora aatn. of corralation batwaan tha inapactad and 
rafaranca l»ag.a in all tha poaaibla ahifta around tha currant pixal. up to 
tha aaxinua allowad (plua or ainua vartical and horixontal rangaa). Thia 
unit ineludaa tha following cireuita: dalaya 73a. 73b. to corract tha 
tiamg of tha arrival of tha tmpactad and rafaranca iaaoaa. raapactivaly. 
to that of tha arrival of tha Rtgi.tration Point flaga froa tha pixal 
charactarlxar 72; Naighbourhocd Noraaluara 73c. 73d. to noraallxa tha 
pixala in tha naichbourhood of tha currant pixal; Abaoluta Olffaranca 
Calculator 7Ja, which Mndi tha abaoluta dlffaranca batwaan tha inapactad 
i»aoa in tha vicinity of tha currant pixal aa aoainat all tha poaaibla 
aatchaa in tha rafaranca aaga within tha aaxiaua ranoa of ahifta in tha 
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Th. output, of th. Mtio Calculator 70. ar. applied to * Mtlo 
Tabl. ot l*voli 70«, b.for. b.lng f*d to th. Hl.togra~r 70b. and tho 
output, of th. Cradiant Calculator 70f ar. applied to a 6r.di.nt Tabl. of 
Uv.U 70h b.for. b.ing f«d to th. Hi.togra-.r 70b. 

Th. Thr..hold Procaor lllu.tr.fd In Flo. 16 further inelud.. . 
H..1.U. Ctlnltion circuit 701. which uk.. . d.cl.ion on th. curtfflt pi-.l 
in r.l«tlon to It. .urroundlng., to d.fln. th. following p.ra-t.rs: 
M(1J) - \. it th. pl«.l 1. 1»W <W«^ i« int—ity) than .11 th. 
.Ight .urroundlng plx.U; • 1. " «• l « lwr 0-0 4t " 

nolghbour. in th. .a., column and «(h) - 1. If th. pi«.l la 1W* than 
It. two neighbour. In th. aaa. row. 

Th. output, of th. naalau. O.flnitlon elrcuit 701 .r. .ppiUd. 
via a pipolln. d.l.y circuit 70 j. to th. Kl.tograsa«r 70b. 

Th. Ratio Tabl. of Uvtli 709 dlvld.. th. ratio r..ulta into K 
group, in ord.r to build th. hl.togr... Th. K group, ar. obtain* by 
co«p.rl.on with a wctor of K thr..hold l.v.1 Cr<K>. which Indict., a 
dlff.r.nt ar.a of th. tabl. for «ach thr.«hold. 

Th. Cr.di.nt Tabl. of Uv.l. 70h dlvld.. th. gradLnt r..ult. 
into L group, for th. purpo.. of building th. hl.togr... Th. t group, ar. 
*bt.m.d by co.pa«.on with a vctor of L thr..hold l.v.1. Cr<U. which 
indict, a dlff.r.nt ar.a of th. tabl. for ..ch thr..hold. 

Mliograaaar 70b ...cut., a hl.togra. of th. plx.l int.n.itx.a 
FUJI in dlff.rant call, of th. ..wry In accordanc. with th. following 
p«ra««t.ra: MlMaaiau*); UCradl.ntJ; and K(Mtlo». 

Th. Thr.ihold Calculator 70c in th. Thr..hold Proc...or 70 
illuatratad in rig. 16 1. • -icroproc.«.or which r.c.iv.. th. r.aulta of 
th. Hl*togr..*.r. analy... th... art co.put.. th. thr.ahold. for a d.ci.ion 
on th. pu.l typ., tor: Mgi.tr.tion. Mf.r.nc. Xaag.. and In.p.ct.d 
!».,.. It output, th. r.ault. to th. ria.l Typ. Char.ct.rla.r 72 and 74. 
d.»crlb*d abov. with r.f.r.nc. to rig. U. 

Thu.. th. Pl«.l Typ. Charact.rl..r 74 inelud.. tlv. Co.par.tora 
74b,-74b, which co-par. th. v.rlou. par..«t.r. (Mtio. Cr.dl.nt and 
HaKi.u.) which hav. b..n pr.viou.ly ccpufd in unit. 74.,. 74a 2< 74a,. 
wl th th. thr..hold i.v.1. coain, fro. th. Thr..hold Proc.or 70. Thu.. 
Co.par.tor 74b, co.par.. th. pu.1 flow with th. Inf.ity thr..hold X fro. 
th. Thr.ahold Proc...or 70; Co.par.tor. 74b,. 74b, co«par. th. output, of 
th. Ratio Clcul.tor 74a, ntk th. Ratio thr..hold. n and H.V. L-o.ctiv.ly 
fro. th. Thr..hold Proc.aor; and Co.par.tora 74b 4 . 74b, cpar. th. 
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The type assigned to • pixol "V ono of tho following: 
uolittd peak, .ultlpeak. .lop. and background. The typo is aaelgned 
according to tb« yissl'i parameter, follwi: 

1. Isolated peak - If tho piael ii • local m«1m with 
significant Intonalty and ratio. 

t(r. 2 )-1 " «(F 2 2 )-1 «>d M 2 2 )'\ and r(f2.2)-1 

2. Multipaak - If the pixel in not an laolatod peak, It h«a 
aignlflcant intonalty a--d nono of lta neighbour, la an iaolatod peak. 

t( r, 5 )-2 if nr. 2 >-i «nd t(r t J-i uhi, 1«J«3 

J. Slop. - If either'on. of tho plMl's neighbours la an 
iaolatod poak or it haa significant gradient. 
t(r, ,)-3 If t(r. «) ■ 1 for some U1,J«J except T 2 2 
or 

« (r 2 2 )-1 

4. Background - If tho pixel haa no aignificant intensity, or 
gradient and nono of lta neighbours la an iaolatod poak. 
iir ).4 if UT 2 and 9<r 2<a >-l "A t(f lfJ )-1 1«1<3. '«5«3 

Tho foregoing are inp'lemented by tho Ratio Calculator 74a, 
illuatrated in rig. 18, by tha Gradient Calculator 74a 2 illuatrated in rtg. 
19. and by the Maximum Definition Calculator 74aj illuatrated in rig. 20. 

Thua. the Ratio Calculator 74a, makes a doci»»on about tho 
central pixel in the matrix, and computes the ratio of the pixel intenaity 
to lta Immediate neighbourhood. 

The poaaibie deciaiona about the central pixel in the matrix are 
aa followa: (a) maximuB. i.e.. greater than any of ita neighboura; (bl 
vertical maximum, i.e.. greater than lta vertical neighbour.: and (c« 
horizontal maximum, i.e.. greater than it- horizontal neighboura. 

The computation of the ratio of the pixel intensity to its 
immediate neighbourhood i«: (a) in relation to the four immediate 
neighboura. if it la a maximum; and (b) in relation to the two relevant 
noighbour.. if it is a vertical or horizontal maximum. 

The Ratio Calculator lncludee nine regiatera. aho-n in rig. 18a. 
Their functiona are to recori the nine value., de.lgnated by the letter 
A-I. of the pixela in a 3 x 3 matrix. 

The Cradtent Calculator 74a 2 la more particularly Illustrated in 
rig. 19. Ita function la to compute the valuea of Cradi.nt of the matrix 
in the vertical and horizontal directiona. The calculation la baaed on the 
following formulae: 



2 x Ch ■ <<JUl*C)0.i) - (<G.X.H)«a.lO 

2 « cv - (<a«cd>*2*dj - (<ox.n«2*n 

>uch th . t th. calculation r.pr..«t. -umpiring th. following -trie: 



Horizontal 



•1/2 



Vertical: | * 




•1/2 



Th. circuit calcul.t.. th. v.lu.. of th. Cr.di.nt which includ.. 

th. following co.pon.nt.: „ t ,.i« m 

*.gl.t.r HatrU: X to X. in which th. v.lu.. of th. pu.1. in 

th. Mtrix «r. r.cord.d. 

b> Uft V.rtlcal: add. th. pL.l. in th. l.ft colu« according 

to th. formula: 

ik ♦ C ♦ 0) • 2 ♦ 0 
c, Right Vrtie.li .dd. th. P i«.l. in th. right coh*n according 

tc the formula: 

d> HolLlnl/l « P : add. th. v.lu.. of th. pu.1. in th. upp.r 
row, accordlgn to th. forauL: 

Horttontal "own:' add. th. v.lu.. of th. pl»U in th. low.r 

row according to th. formula: 

(C»X»«)*2«H 
Th. M«i»u- Wflnitlon Calculator 74* 3 in fig. " 1. «or. 
P .rtic«l.rly illu.tr.t- l« fl,. 20. It. function i. to co-par. . by ~u* 
of comparator., th. v.lu. of th. c.ntr.1 pix.l t with tho.. of it. 
neighbour., to d.t.raln. th. following parawt.r.: 

Hv(i. 3 ) - A logical .ignal which .how. th. condition that th. 
central pix.l E 1. gr.at.r than it. v.rtlc.l n.ighbour. B and H. 

b, Hh(i.,) - A logical .icnal which indlc.t.. that th. c.ntr.1 
pix.l c i. larg.r than it. horitont.l n.ighbour. 0 and f . 

c» M(i.j» • * logical .ignal which indlc.t.. th.t th. c.ntral 
pix.l t i. larg.r than .11 it. n.ighbour. A. .. C. 0. r. C. H. X. 

Th. ratio d.flnition calculator co.put.. th. v.lu. of th. Ratio 
param.t.r froa th. following two vaiu..: 



*i) . Th. r.tio of th. c.ntr.l pix.l to It. .urroundlnc. . 

I 

mi • — ~ 

(I . K ♦ 0 ♦ fJ /4 

b) » V h - Th. ratio ot the contral P l..l to th. .vr.o. of It. 
vertical and horltontal n.lflhbour.. 



I 

If Mv(l.j) • 1 thwi Rv • 



If HhU,)) • ' thon W» • 



(■ ♦ K)/2 
E 

(o ♦ n/2 



Th. Moi.tr.tion Scor. Matrix Calculator 73 (Flo. Ml " 
particularly lllu.tr.fd in ««. 22. Thl. calculator Includ.. a dual-port 
...ory 73a-73c to t..por.rlly .tor. a window of up to 25 con..cutlv. row. 
in th. r.f.r.nc. 1-ao.. for th. purpo.. of ccputln, th. .cor. utr» of 
M tch.. to a wlter wxndow (up to thr.. row.) in th. Inapacfd iW Th. 
...ory ha. two chann.l. of ace...: chann.1 3d. to .tor. th. ira 9 . by input 
of th. .tr... of PU.1 data contlnuoualy; and ctunn.l 73.. to outpuc a 
wl ndo« containing a .trip of thr.. row. wld.. a. r«iult«d. 

An input Addr... Ccunt.r 73f o.n.raf. th. polnt.r for th. 
.dcr... at which th. curr.nt pix.l 1. .»*•* — - 
73, o.n.r.f. th. volnt.r for th. addr... fro. which 1. outputfd th. 
window on which r.oi.tr.tion 1. k.pt out. Th. Input Addr... Count.r t 
,.l.ct. th. «.«ory via a —ory ..Lctor 73h. Th. .tor.,, of a window fro- 
th, r.f.renc. l»ag. 1. carried out in «uch a rannor that ..ch n.w row x. 
inputfd to a dlffer.nt on. of th. thr.. ...ori.. 73.-73C. .o that th. 
txr.t ...ory contain, row. 1. 4. 7. .«.; th. ..cond ...ory 7 3b contain, 
row. 2. 5. 8, U. etc.; and a third ...ory 73c contain, row. 3. 6. 9, «. 



etc. 



Th. Mti.tr.tlon Scor. MatrU Calculator 73 lllu.tr.fd in no. 
22 furth.r includ.. a cro.abar .witch 731. It. function i. to tran..xt 
thr.. conccutiv. row.. «. to allow ..Itching of th... row. ..ch ti». that 
. co.out.tlon of a full row of th. .cor. -atrix 1. co«pl.t.d. and th.ro x. 
* n..d to .ov. to th. n.«t row. X. an .«..pl.. initially row. i. 2. 3 «. 
p..,.d to output. A. 8. C; n„t. row. 2. 3 and 4 ar. pa..-! to output. >. 
B. C. r..p.ctiv.ly; and so on. Th. co.Mn.txon. ar. .hown xn th. dxa,r... 
illustrated tn Ft*. 22*. 



m Mrt.tt.tl. Scor. M «l. ClcuUtor 73 lll.rn.Md in ri,. 
22 furth.r Includ.. . conv.rt.r 73k which conv.ct. th. .tr.« of carrot 

pix.i. _ ir0 (flrgt -ln, flr.t-out) d«lty 

conv.r.lon 1. crrl* out by ••«« of two flfO (tir.t 

lino. 73 V 71k,. connocfd in ..ri.. «d ..ch luvino . lonoth of on. 

coBPltt* row. tf 
ClcuUtor 73 furthor includ.. . d.L, 731 for th. purpo.. of 
.ynchronUln, th. . P P— ■ of th. curr.nt plx.l in th. ln.p~t.d i«,. 
with th. corr..pondln, plx.l in th. output of th. r.f.r.nc« ' 
Inputfd into th. .cor. «tri, c.lcul.toc for .tor.,, of th. r..p~tlv. 

Wi,WlOW ' Th. Scor. M.trix ClcuUtor 731 co.put.. th. .cor. ~tri« b.tw~n 

«. ln.p~t.d .nd r.f.r.nc. for 11 P— «• -*»«« 

Thl. ..thod of co.put.tlon 1. d..crlt»d «r. p.rticul.rly flow with 

"'^ H.trlx ClcuUtor 73, roc.lv.. thr.. P U.U fro. thr.. 

con..cutlv. row., fro. which .r. product th. nln. pix.U which for. th. 
miction 1..,.. Th. nm. pl«.U «. froxon whll. th. .cor. ..trix i. 
t-in, ccputod. ClcuUtor 7 3J .Uo r.c.iv.. thr.. 

con..cutlv row. fro. wh>ch .r. product th. nln. pU.U wh ch for. h. 
r.f.r.nc. W . Th. nin. plx.l. +— -th -ch doc* pul..^ unt U 
po.^bl. co.bin.tlon. of th. 3 x 3 -trlx within th. ...rch wxndow h.v. 

t*«n computed. . -r ^^ r ^i 

Th. r..ult of th. nor«lit.d diff.r.nc. b.tw..« th. in.p.ct.d 
iB .o. .nd th. r.f.r.nc. x..c. i. outputfd .v.ry clock pul... until .11 
pcsxbl. ccbxn.tic*. of th. 3x3 .d,.c.nt pix.U withm th. s..rch window 

are completed. M ^^ rv 

Th. Scor. ClcuUtor 73 furth.r includ.. . Scor. flfO H..ory 73.. 
It . function 1. to r.^Ut. th. u.inc of th. tr.n.f.r of th. nor~Ux.d 
r.sult.. whxch r.pr.s.nt th. .cor. M trU. fro. th. *.cx.tr.txon Scor. 
ClcuUtor 73} to th. Scor. Accu.ul.tor 73f. 

Th. Scor. Accu.«Utor 73f ,u«. th. .cor. «trxx which h.. b~n 
c.lcuUfd foe on. W .«.tu» P-nt. to th.t for . ~cond 

p..nt. It thu *». • m^U of r.,x.tr.txon point, until h. n. 

Lnx 1. P«..d to th. XUcn..nt Cput.r « (rig. 12) to co.put. th. Ox 
*nd Oy alignment control signal*. 

Z Attrition Scor. *«» ClcuUtor 73, iUu.tr.t^ « 

» i. .or. p.rt lC ui.ri y .how„ » «. « c - put "^.; c ;;; 3 *: t ; ix 

b „.d on th. nocllx* diff.r.nc. b«tw..n th. in.p.ct.d im*. (3x3 



pl ..l. In .xt.nt,, .nd .11 th. K.N po..lbl. ~tch.. in th. corr..pondln, 

matrix in th« r«f«r«nc« im»9«. 

Clcul.toc 73j Includ.. . PU.1 Mor-lL.r 81 (ri«. Ml for th. 
lM p.ct.d . fU.i «o«U M r 62 for th. r.f.r.nc. . 

DX^.r-nc. Clcul.tor 63; . Suction Clcul.toc 64; . Olvx.lon 
MultlpU.r 66; . M.ult. 5tor.,. d.vlc. 87; • Scor. Accu.ul.tor 66. 
FU.I Hor-lL.r 61 for th. ln.p~t.d l«o. Includ.. . 

r.cl.tr.tor window 61. who., function i„ to convrt th. fon-t of th. 

ln.p.ct.d l-o. fro. . ..rl.l . M of pU.l. to . for~t of . 

loll, of pl»l. fro. thr.. con..cutlv. row.; It thu. ^ » «. u.. 

of thr.. .hlft r.,l.t.r. of l.n,th of thr.. plx.l. ** cn ' ~~ 

to * amtrix of 3 ji 3 pixmli. 

Plx.1 nor«ll..r 61 furthor Includ.. . nln.-.ddltlon cxrcuxt 61b. 
which .u.. th. lnt.n.1,1.. of th. 3 . 3 pl-l ««1. .round th. curr.nt 
pXx.l. It furth.r includ.. . 1/9 t.bl. 61c which dlvld.. th. .u. of .h. 
pXx.l lnt.n.ltl.. in th. «trlx by "9". .nd th.r.by obtaxn. th. .v.r.,. 
v.lu. of th. plx.l. in th. Mtri*. 

A d.l.y 6ld d.l.y. th. l~c. oat. .tr.« until th. r..ult. of th. 
.v.r.o. lnt.n.lty fro. ubi. 61c .r. .v.U.bl.. th. output of t.bl. 61c x. 
.ppll* dlr.ctly, .nd vx. d.l.y 61d. to . croup of nln. r.,x.t.r. 6L. 
which .ubtr.ct th. .v.r.c. v.lu. fro. ..ch of th. nln. pxx.l. l« «« 
..trxx. Th. nin. r..ult., r.pr...ntlno th. nor-alla* v.lu.. o th. 
pxx.l.. «. av.ll.bl. .x.ultan.ou.ly .t output. .-I of th. Pix. Hor-lx r 
61. Th... plx.l v.lu.. -HI t, frox.n. .nd will ..rv. .. th. 
ccp.rx.on throughout th. proc... of coputln, th. .cor. «trxx xn r.l.txon 
to th« reference 

Th. Pxx.l Nor«au.r 62 for th. r.f.r.nc. x*a,. xnclud.. . .ovxnc 
wxndow 62. vhos. functxon x. to produc. thr.. cons.cutxv. row. in th. 
6 ..cch .r.. havxn, . .U. of H x H tt... .3x3 -«U U th. r. .r.nc. 
1M9 .. Th. thr.. con..cutxv. row. wxll supply th. plx.l. n..d.d to produ.. 
.11 th. po..xbl. 3 « 3 .atrxc. xn th. ...rch «... Thr.. addxtxonal 
pxx.1. «. .cquxr.d one. par clocx pul.. in ord.r to .«ubl. . n.w 3 « 3 

matrix to b€ produced. 

Pxx.l Nor«.lu.r 62 furth.r xnclud.. . Nxn-Addxtxcn cxrcuxt 6.b 
w h xch S u« th. v.lu.. of th. -d . 1/9 T.bl. 62c whxch co.put.. th. 

.v.r.o. of th. pxx.l. m th. ..trxx. Th. r.f.r.nc. d.t. .tr... fro. .h. 
lovxn wxndow 6=. » delayed by . d.lay cxrcuxt 62d untxl th. r.,ult. of 

th. avrao. xnt.n.xty fro. tabl. 62c xUbl., .o that both .ay b. 

. upP lx.d .x.ultan.ou.ly to th. nxn. r.,x.t.r. 62.. Th. nxn. r.ox.t.r. 6.. 
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.ubtract th. average value fro. iieh o£ the nine plaela in the matrix, .o 
that th. nine wmlU representing th. no«all«*d valuea of th* pl**H 
available alaultanaouely at outputs A-:. 

Olfferance Calculator 63 eoaputaa th. au* of th. abiolut. 
difference, of the 3 a 3 "trlx of th. lrup~ted iW vr.ua th. r.f.r.nc. 
I..,., for thi. purpose. Calculator 83 include., for ..ch of th. two Pixel 
Nonalltera 61 and 82. a Subtraction Circuit 83a, 83b collating of nln. 
aubtractora which coaput. tha difference between* each plaei in the 
inspected luge vr.ua th. corresponding plaal in th. reference leage; an 
Absolut. Value Circuit 83c, 63d. which cc^out.a th. ebeolute v.lu. of th. 
differencee; and a Matrix Circuit 63.. 63f. which eume all tha nln. 
abtolut. valu... Th. r.auit of th. abaolut. sue. of th. dlff.r.nca. !• 
paaaad to th. Kultlpll.r 66. 

Multiplier 66 alao racalvai th. output «ro« tha Summation 
Calculator 64 via t>« Olvl.lon Table 63. Thua. th. Summation Calculator 64 
coaput.. th. abaolut. au. of th. two -trie, on which th. procaine will 
bo carried out. Xt includes, for each Pixel Noraallzor 81. 82. an Absolute 
value Circuit 64a, 64b. which coaputes th. absolut.s valu.. of .ach 
normalized pixel; and a Matrix Sua Circuit 84c. 84d. which sua. th. nine 

absolute valuea. 

Division Table 85 prepares the results of th. aummatlon for the 
operation of dlvlalon by aeana of the Multiplier 66. Olvialon Table 65 
executes the arithmetic operation "1 divided by the au-". by converting the 
valuea ualng a PROM (Programmable Read Only Meaory) table. 

Mulltipler 66 computes the result o the normalized difference for 
the point under toat. The computation Is carried out ualng the formula: 

SCORt • (t|P x -P R |)-(1/(t|P x hl» R Ul 
where P , P are th* normalized values of the plxela. 

1 The Result Storage Device 67 te.porarlly atorea the reaulta of 
th. .cor. at a .tor.,, rat. which 1. th. same that at which th. results 
appear, and at an output rat. matching th. timing of accptanc. of the 
results by the Score Accumulator 86. The Score Accumulator 68 sums the 
score matrix obtained at the current reclamation point with the acore 
matrix obtained iX the previous registration point. Summing of the 
metric*, at th. registration point is carried out for th. defined ..gu.nc. 
of wiruiyw... up to K con..cuttv. row., before the result of the Score Matrix 
i. paased to the Alignment control circuita 62 (fig. 12) for processing. 

The construction and operation of the Defect Detector, aa 
llluatr.ted for exa.pl. in fig. U. will be better understood by reference 
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to riga. 24 and 23. Aa describer earlier, th« function of Comparator 77 it 
to carry out a comparison between tha inapactad image in tha vicinity of 
the currant pixel, and tha reference image in tha vicinity of the 
corresponding pixel, and to output an Alarm signal, via buffer 66 (rig. 
12), to the Poet Froceeeor 14 indicating whether or not there li a 
auapected defect. Aa alao indicated earlier, the coeperlson la made with 
respect to a variable threshold level, which la dependent on the Type of 
the current pixel in the reference and inspected images. 

The coeperlson algorithm la illuetrated in rig. 23a. Aa ehovn 
therein, a pixel in a etreaa of tha inspected laage la coapared againat the 
corresponding pixel In the reference laage. Tha coeperlson la done under 
the assunptlon that a local Misalignment of plua or rtlnua one pixel aay 
exist. Accordingly, a pixel Is coapared to the nine pixels In the 3x3 
neighbourhood centered at the corresponding reference pixel. 

Each of the nine comparisons is made by comparing the difference 
between the energies of the compared pixels eg* ins t a threshold determined 
by the pixel type. The energy of a pixel la the sua of the nine pixels in 
the 3x3 neighbourhood cantered at the pixel. The alarm value la set to 
"2", if the difference in all nine comparisons is above the high threshold; 
to H 1", if It la above the low threshold; end to **0 M in all other caaes. 

Comparator 77 (rig. 24) thua Includes a neighbourhood Energy 
Calculator 77a, 77b for the Inspected image and the reference image, 
respectively. Calculators 77s, 77b compute the energy of the surroundings 
of the current pixel in a 3 x 3 matrix of the near neighbours In the 
incpected Image, and in the corresponding reference image. Delay lines 
77c, 77d (Fig. 23) are provided before these calculators in order to 
produce suitable delaya before and after the current pixel in order to 
obtain the three relevant rows Cor computation of the energy in the 
vicinity of the current pixel. The two calculators receive, aa Inputs, the 
relevant pixels in the three relevant rows surrounding the current pixel, 
and output the arithmetic sum of the nine pixels in the 3x3 matrix around 
the current pixel. 

Comparator 77 further includes Neighbourhood Registers 77e, 77f 
for storing the energies in the two Calculators 77a, 77b, respectively, and 
further Neighbourhood Registers 77g, 77h. Their function la to prepare, in 
parallel form, the nine relevant Types (T1-T9) around the current pixel in 
the reference image, in order to determine the threshold level to be used 
in the execution of nine simultaneous comparisons. Thus, the Energy 
Neighbourhood Registers 77e, 77 t, output nine energiea E1-E9; while the 



Typ. N.lghbourhood Mgl.t.r. 77,. 77h output Bit- typ.. T1-T9 .round th. 
currant pixel. 

Co.par.ter 77 further include nln. eonvoralon tabl.. "1 «or th* 
lev threshold level, end nln. conv.r.lon tebl.a "1 for th. hlgtwr 
thr..hold level*. Th... tablee are loaded prior to th. lnap»ctlon ....ion. 
Th. tablea *r. HlKttd fro. . «.t of tablee according to th. required 
..n.itivity of th. dotation. ..t by th. «.«. Their function i« to 
■utllply ..ch on. of th. energlee wound th. pl«el being .«a.ln*l by • 
conetant which d.pende both on th. typ. of th. e«a.lned pL.l in th. 
r.f.renc. Uage, *«d th. typ. of th. current piael in th. inapected i«ge. 

Thu., tabl.. 771, 77) receive .. input.: <•> Type «i)), n«.iy 
th. typ. of th. curr.nt pLel in th. inapected leage; <b» Typ. M-9). 
MMly th. typ. of th. plael e«a«lned .round th. currtnt plael in th. 
r.f.r.nc. lu,.; and >.c) Energy t (1-9). n«.ly th. energy of th. ..wined 
pl«.l in th. r.f.r.nc. luge. Th. tabl.. output elgn.1. WM-9J. n.~ly th. 
.ultlpllction r..ult. of th. input .n.rgy Ed-9>, by • eon.t.nt which 
d.p«nd. on th. typ. of both th. current pl*.l »nd th. .aaeined pi«el. 



That 

ind. on th. typ. ot ootn tne cu"«". — • 

ia: 



EK(1-9).K(TlJ,T) • t(1-9J. 
tech of th. tabl.. 771. 77j. ia conn.ct.d to a Co.par. circuit 
77k. 771, whoa, ourpoa. ia to co«par. th. curr.nt .n.rgy El) and th. 
■ultlpllction r..ulta of th. .n.roy of th. pU.l and a conatant. EK(l-9>. 
Th. Coapar. circuit output, loglcl indlcationa of th. r.ault of th. 
compariaon, naaaly: 

1 Xf EX(1-9)«ECl)> 
0 Xf EK(1-9)>E(iJ). 
A High Thr.ahold Declaion unit 77. teat. wh«th.r .11 tha 
co. P «rlaon outouta .xceded th. high thr.ahold; and a Low Thr.ahold 
Deciaion unit 77n t.ata whether .11 th. eiepariaon output. ..xceded th. low 
thr.ahold. Th. co.bin.tion of th. outpu-.. of d.ci.lon t.oU 77n and 77. la 
th. alar. v.lu.. The., .ight .Ur. v.lu*. ar. inputted to -.h. de«.io« 
tabl. 66 which output, th. d.f.ct flag ta th. poat-procaor 14 (rig. '-2) 
via th. paraaetere buff.r 66. 

Th. po.t-proci.or 14 (rig. 12) thu. r.c.lv.a :r* U.t of 
.uepected defect!. tog.th.r with th.ir r.l.v.nt para.et.ta. and .ak.e 
daciaion. b«for. paaalng th.. onto th. Phaa. XX .aa-ination ayat.... Th... 
d.ci.lona includ.: (a> cluat.ring; (b) choo.ing tha point, which will be 
p...«d to Phaa. XI; and (cl th. optl.u. rouf In Phaa. XI. The latt.r 
function. *r. carrlad out by eicroproc.aor prograaa. 



M brl.<»» d..«ib«l .«ll.r. tM .„rtMtM« «»«• 

lh . ..<« .. .«« - «• .. — • •««•> 

convct.r 9 (fW- 1 «* *«• * ' ot th# r.f.r.nc p.tt.m. 

lMP .ct.d P-ttem. «d th. « ~ ' w th# plMii of th. 

t0 output two ..t. ct .l.ct»c.l • co. ^ ; and ceBD4Ctna 

th . P ».U of th. i-P-fd p.tu» ^ >lgMtch of . 

pr.d.t.r«in.d M«nitud. t. e ~ th . M . ftc and/or p.tt.r«. 

tC co«odod.t. v.rUtion. in th. *ld*M £ ef th . lfti p. c t.d 

P .tt.m. «d th. r.f.r.nc. p.tu«. -J ^ ^ rMp . ct w 



Th. Ph*M XI optic .y.f »■ , 00 in 

« xt lnelud.. » •iccescop. obj.ctiv. 
P *rticuLrly in rig. 26. Xt ^ luo ah ,. ctlv „ to .n*bl. brmgin. • 

. rot.un, turr.t 101 c.rrytn, dl«.r.nt o b) .ctlv.. ^ 

..Uct-d on. into th. op«c.l p.U ~~ ^"'^ ^ 101 v.. - 
conv.rt.r 9. Th. * » Ulu.in.-d . m * P^ ^ 

opt.c.1 d.vlc. tOS h.vln, . *«PU «« „ . BMBdK * 

unit 102 .1.0 conmn. . co-amuou. U9ht .ou . ^ 

tun9 .t.n l^P. «Mch 1. u.« wuh . .t.nd.rd TV 

,y.t.. I". d..C»b*l b.lO«. o{ th# u , ht 

M...piitt« 10* r.fl.ct. th. "*""^T b.«pU«« t« 

rrtUct- tro. th. W l« to * .utofocu. «ut 10*. 




p.nita viewing th. wi(«r via a TV •onltoc. 



in 

Ul 



5 : 



rmtt ? mint rroct»« pMpr oc...of 10 and 

rig. 27 lUu«trat.i both th. Pha.. « * •* 

th. Pha.. 2 procoaaor 11. 

Th. infection d.t.ct.d by th. l«9« convrt.r 9 1. f.d to . 
pr...pilfi.r 120 in th. pr.proc.aor 10. to . dl,ltl*.r 121. and than to a 
Lory buff.r 122 in th. Uag. procaor 11. Tho i W proc...or 11 
f urth.r includ.. a digital .Unal P —.or vhlch. und.r aoft-ar. con trol 
(bloc. 124, fro. th. ~ln controll.r (8. fig. 2,. P«rfor.. th. following 
op.r.tlona a. indicts in Ft,. 27: a -tchlng oo.r.tlon 125. a 
r.gi.tr.tlon operation 126. a ccp.ri.on op.r.tlo« 127. and a 
cL.aiflcatlon operation 128. th. output fro. th. dlgit.l aignal proc.aaor 
123 la th.n r.tum.d to th. win controilor 8. 

Fig. 27 furth.r llluatr.t.. th. Ph... 2 tmag. proc.aaor 11 a. 
including . hard-.r. acc.l.r.tor 129 for acc.l.r.tlng particularly th. 
cgi.tratlon «nd co.parl.on operation.. 

Th. for.going op.r.tlon. ar. d..crlt»d nor. particularly b.low 

with r.f.r.nc. to Flg«. 28-31. 

A« d.acrib* ..cut. th. input to th. Ph... XI P—' 
includ.. two ..t. of l M g«, t.K.n fro. th. inap.ct.d patt.rn .nd th. 
,.f.r.nc. patt.rn. r..p.ctlv.ly. Uch ..t includ.. fiv. 1-,.. «h 
t ocua... .t dif f.r.nt d.pth. in ord.r to accost. v.rl.t on. in th. 
tnicKn... of th. w.f.r or patt.rn, or to acco-odat. .ultLl.y.r p.tt.rn.. 

A. .or. particularly ahown in Fig. 28. th. r.f.r.nc. l«g.. *nd 
th. in.p.ct.d 1-g.a ar. aub^cfd to a d.pth etching op.r.tlon 125 
..tching th. two d.pth a.ta. and al.o to a r.g»tr.tlon operation . « 
„»ch ...allgn-nt b.cw..n th. r.^r.nc. and mapacfd ^ 
1„ ..ch d.pth. Th. ll.t of .,..119-.^. 1. f*l to th. co.par. circuit 
, 2 ,. Circuit 127 ccpar.. th. gr.y l.v.l l W >. * 
.urroundin, pl«U and adaptlv. thr.ahold. obtain., fro. a 
•^.Uaation circuit 129. th. l.tt.r circuit co.p.n*.tin, for proc.aa. 



, ..inatlon and oth.r vrl.tlon.. Th. output of co«p.r. circuit 127 
l^.r.. 1-tlon aM .cor., 1. <«4 to th. 

c U«l«lctlo« circuit 128. Circuit 128 e»-r.ct.rl... th. dat. 
utliUloo. not only th. output of th. co.p«. circuit 127, but .!.« 
pr.vlou.ly -.th.r^ <UU a. .tor.d In th. data b... 130. Th. ou put th. 
d.fct cl...Hlc.tlon circuit 126 I. fd to th. -In controllor (8. flo.. 
\, 2) for dlapl.y, print-out. or th. Ilk.. 

B4fiShJ ^. 2,-31 ~r. particularly lUu.tr.ta he th. d.pth etching 
opar.tlon la p.rfor~d. Thu.. th. ..*»nc. of l~-.. t.k.« fro. th. 
ln.p~t.d p.tt.rn I. -*tch* with tho.. tak« fro. th. r.f.r.nc. o.tt.rn. 
Th. goal l- to «tch ..ch 1M,. of th. lnap~t.d p.tt.rn with th. l«g. of 
th. r.f.r.nc. patfrn t.k« .t th. corr..pondlng d.pth of focu.. Two 
...u-ptlon. ar. .ad.: CD th. l«,.. .r. t.k.« In th. ord.r of Incr... «, 
d.pth with . f tart dlff.r.nc. b.tw..n ..ch two con.^ l«9«. — <« 
th. .rror In th. d.pth of th. flr.t lu 9 . of th. ♦ " •* «•* 

th. dlff.r.ne. b.tw«.n two cotuwcutlv. lug... 

H.nc, If X,. UM and V 1.U5 «. • "f.r.nc. 

1 M9 ... r..p.ctlv.ly. th. Mtchlng procdur. d.. * *• OM ° 

.,,0 or 1 .uch that U . P«lr of co-p... «•> Ml. 

fer S . Corr.Utlon In th. d.pth of focu. of two l-ag- t. 

by ccputmo .l.llarlty In th. v.rl.nc. of gr.y l.v.l. ta th. two l-ag... 

Th. corr.Utlon a. ur. und It th. dlff.r.nc. b.tw..n th. gr.y 

M.togra*. of th. U.g« Th. .hlft « I. co.put.d a. th. on. providing th. 

beat corr.Utlon for all Im?« th. ..qu.nc.. 

rig. 30 .or. particularly Ulu«tr.t.a th. etching proctdur.. It 

1. co*po».d of th. following «t.p.: 

,1, cent. th. gr.y l.v.l hl.togr... for .11 th. l W . (block. 
132,. Th. gr.y l.v.l hl.togra. of an l«9- cont.ln. th. dl.tribution 
of th. gr.y l.v.U. Th. hl.togr*. H of .n l«ag. contain, in It. ) cil 
„ ()) , th. n*b.r of pu.l. i« th. U.g. that ha. a gr.y l.v.l ^ l to 3- 

(2) Co.put. th. dUtanc. b.tw..n th. hl.togr... (block 133). Th. 
dl.t.nc. U t.k.n th. .u. of ab.olut. dlff.r.nc. b.tw..n corr.apondlng 
clU in th. hl.togr.... Th. dl.t.nc. will b. co.pufd a. follow.: 
dCR^I^ • ElV<D * H :l (l»l. 



„ ,M T1 .r. th. hi.to,r.M o< \.t x r..p«ctlv«ly . 
.naf "rX II ,_ 1K ,_- k tin Thi. tabl. contain! 

(3) Cr.at. th. dlstanc." tabl. (block ue>. xni. 

tM corr.l.tlon ....or.. co.put.d for ..ch pair of im.o... 

din, - x.) - x 2 j * ( *r;jj 

d(nj - xji - ij) aiVV 

(4) find th. di.gon.1 in th. dlstanc. Ml*, providing the l..it 
mean. ( W fio. 31) by computing th. of th. thrc* M l» diagonal, 
(block 135). and choo.in, th. l...t -an (bloc. 136). to produc. th. d.pth 
.hilt. Th. .hift x corr..pond. to th. di.gonal providing th. minim.1 M «. 
thus «ini«lting th. ov.r.ll di.tanc. b.tv^n th. two ..t.. 

?»n»Mtivg-t> «"»rn.comparlgon 

Km d..crlb*d .bov. both th. Ph... X and th. Ph... XX 
...min.tion. -ay b. .ffcted by . dl.-to-dl. comp.ri.on or by . r.petitlv.- 
patt.m co-p.ri.on of repetitive pattern unit, on th. .... di. (or oth.r 

artlcl.,. fi9. 32 lllu.tr.tt. .«ch . r.p.tltiv. p.tt.rn on th. .... di.. 

Th. repetitive pattern illu«tr.ted in fio. 32 con.i.t. of . 
nunber of r.l.tiv.ly .mall C.9.. * f« ««on. in .is.) co.par.bl. unit.. 
A typical co*p.rabl. unit in . repetitive-pattern comparison 1. .hown a. 
th. .r.. bounded by th. dashed line 200 in no. 32. K. therein shown. e.ch 
pixel .ion, th. scanning lin. 202 i. co.par.bl. to . pixel which 1. located 
at a dl.t.nc. "d" either to it. left or to it. right. Sine, the t«o pixel, 
that h.v. to b. compared are contained in th. .... .cannino lin.. no 

registration h.. to be don. between th. "inspected- and th. "reference 
nage. a. will b. .hown bolow. 

ri 9 «. 33. 34 and 35 are block diagram, which correspond to rig.. 
,? 14 and 24. respectively (which flour., relate to . dl.-to-die 
comparison in the Phase I e> "nation,, but show the Chan,., involved in a 
repetitive-pattern comparison. To facilitate under stand in,, and also to 
simplify th. description, only those change, involved In th. 
repetitive-pattern comparison of no.. 33. 34 and 35 ar. described herein; 
in addition, comparable element, are generally correspondingly numbered a. 
:r. rigs. 12. 14 and 24. respectively, except are increased by "200 . 

With respect to the overall functional block di.,ra. illustrated 
;n rig. 33. th. system receive, a. inputs: (D .l«n.l. ««. the N sensor. 
, N 6 in th. illustrated embodiment), and (2, a shift control signal 204 
-n.cn determine, th. dl.t.nc. (in pixels, between th. current pixel «nd the 
shxtted pixel to which the current pixel is compared. Th. shift (in 



. M input .1^.1. outpu t.^ .11. t • t loc w t r ^ tiuv .. 

p . tt .m c-p.rl.on> dlff.r. th.t in fi,. " C«.Utf 

co .p.rl.on) in th. follo-ln, "«~ t8: wl .tr.tor unit. 

(1) Th. .U^nt control unit u fl ,. „. 
26 U-264h «or ..ch ..cond d.uctlon circuit 260.-260n .PP~ 

tr. «b..nt fro. flfl. 2- i„ DU tt.d to d.t.r.ln. th. 

(2) K .hlft control .lgn-i 204 1. Inputted 

ccp.rl.on dl«t«nc. ("d". Tl«. 33). M uu 

w rono-in, th. ^-^Z^'J^^ *hlch r..ult fro. 
U .ddod. It. function 1. to ^"J^ com ^ siMOtl ai.unc. U not 
„o„.r.p.tltlv. .on... 1.... *on.. In £~ „. . ft KUn rUt 
^ t0 -4-. Tn. input, to th. .Un . mm un t ^ 
u .. th . d.cl.lon UU. 266 - • - ^ ' «~ ^ rug< whlch lg 
Th . output of th. .Ur. kill-r occult 266. 1. . ^ 

Th. M s>ln, ...or, 266b ,.n.r. • o( e ,. ct . 

.Ut. HUT unit 266. in ord.r to suppr... UlM i 

t-t r..ult fro. non-r.p.txtW. .on... XU mpu t > * P ^ 
cont.in. . "0- for th. p«l. *.* .u.t not * - ^ ^ ^ ^ 
— th. co.p.ri.on dl.t.nc. U not ^ ^ ^ fey ^ 

co. P .ri.on di.t.nc. i. «|u.l to d . Th. llic ..by-.lic. to 

by int.r.ctlv. ...n. prior to Inaction. «d ^ 

M .Mn, ...or, 266b durm, Inspect on - - ~- ^ . 

a h.*u« which 1. . -0- for p.«l. tl»t ... 

for pi*.U th.t .r. to b. co.p.r^ ^ of ^ 

n, . 3* I"" U L th.t th. foUo-m, 

33 for . r.p.titlv.-p.tt«m coxp.rl.on. It ^^.^ COBp . ri ,on) 

u„U. . P P..rm, in th. corr..pondln, ri«. ^ 
„. .t..nt in 3« HI th. pi-l ch.r.=te x. rj. 

cacuUtor », (3, th. r.f.r.nc. dl. ...cry 1 . - ^ 
, 6 . Th. f lr.t two of th. .bov. unit . 01. Jl not 
...ween th. r.forenc. .nd th. ^^'^ QOl , ted tro . W 34. 
nc .d.d in . r.p.tiuv.-p.tt.rn co W p.».on th.y ^ 

Th. r.f.ronc. di. ...cry - ^ sl9n4l :0 4 

d .t.r.in.. th. ..ount of .hlft (in b.t«..n 



t p«. (input, itndbto the co.ptr.tor 272). and th. corresponding 
Inspected pixel, and typea (Inputs cmddto th. comparator 272). 

fig. 35 llluatratea more particularly th. Defect Detector Portion 
o£ A. lmag. prociuor of fig. 34, and eorreaponda to fig. 24. Thl. 
circuit co.p«r.. ..ch piul to It. corre.pondlng .hlfted pixel .ccordin, to 
the ahlft amount determined by th. shift control signal 204; and th. 
comparleon generate • on.-ch«n.l alar, for ..ch plm.l having « signal 
which li significantly lug.r than th.lr corr..pondlng .Hlfted pixels. 

following ar. th. main differences between th. circuit 
Illustrated in fig. 3S (for a repetltlv.-p.tt.r* co-p-rlaon J with r..pect 
to th. ayat.. of fig. 24 (for a dle-to-dl. comparison): Th. r.f.r.nc. dl. 
memory (78. fig. 24) and th. pixel aligner (76, fig. 24) ar. r.pl.cd by 
th. cycle ahlft.r 276.. aa deacrlbed abov.. Th. cycl. ahlft.r 276. 
o.n.rat.a a ahlft (In pixel.) which corraaponda to th. comparable unit 
dlatanc. (d) In fig. 34. Th. ahlft.r amount la determined by th. ahlft 
control input 204. Th. cycl. ahlft.r 276. haa three input.: (a) inapected 
pixels, (b) Inspected types, and (c) shift control aignal 204. Th. cycl. 
ahlft.r 276a la a standard ahlft r.giat.r with progr.rn.abl. l.ngth. Th. 
delay l.ngth la determined by th. ahlft control aignal 204. 

I«prov«« »nf in Phase II rxa«lnatloa 

flga. 36-39 llluatrate a number of improvements In th. Phase II 
examination system described above, fig. 36 generally corresponds to fit. 
26. but lllustratea certain modification to be deaenbed below; fig. 37 is 
a diagram helpful In explaining these improvements; and flga. 36 and 39 
generally correspond to figs. 27 and 28. but show th. modification, also to 
be described below. To facilitat. und.ratanding and to aimplify the 
description, only th. change, included In flga. 36. 38 and 39. as compared 
r.o figs. 26. 27 and 28 are specifically described below; In addition 
oenerally comparable elements ar. identified by the same reference numerala 
•xcept 

increased by "300". and new elements ace IdenMfied by reference numerala 

starting with "400". 

A main difference in the optical aystem illustrated in fig. 36. 
a. compared to fig. 26, i. that th. fig. 36 optical aystem use. darxti.ld 
imaging of the object, rather than brightfl.ld imaging. Thua. it has been 
found that darkfleld imaging increases the sensitivity to small defects, 
compared to atandard brightfl.ld imaging. Using d.rkfi.ld imaging in th. 
Phase II examination 1. superior in confirming or rejecting alarm, detected 
in Phase I. thereby producin, a higher probability of detection and a 
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««*il«r probability of (all* alarms. 

Tha phaaa XX optical ayatem aa ahown In rig. 36 lncludee a 
darkflald mlcroacop* cb}*ctlv* 300 mounted In a rotating turrat 301 
carrying dlffarant objactlvaa to anabla bringing a selected en* Into th* 
optical path between th* *af*r W and tha laag* conv*rt*r 309. Th* vaf*r W 
la lllu»lnat*d by an Illumination unit 400 via an optical d*vlc* 303 
including beam apilttar* 304 and 305. Unit 400 la a atandard unit. b«a*d 
on a mercury lamp, auch aa auppll*d by L*1U. It conalata o£ a 200 watt 
mercury lamp 402. a raflactor 404, and a cond*n**r 406. 

ft*aa apilttar 304 reflect* tha inf rar*d portion of th* light 
reflected fro. th* wafer N to m autofocua unit 306. whll* b*a« apilttar 
303 rafl*cta tha light fro. unit 400 to th* wafer N on th* vacuum chuck 324 
via th* a*l*ct*d obj.ctlv* 300. team apilttar 305 alao paaa*a th* light 
reflected by th* wafer ¥ via an imaging I*na 307 and another b«a> apilttar 
308 to th* lug* conv*rt«r 309. Mam aplltt.r 308 r*fl*cta a part of th* 
image to a viewing eyatem 311 having binocular «y*pl*c*a. permitting an 
observer to view th* wafer visually. 

Th* Image conv«rt*r 309 la a CCD camera with expoaure control. 

such a* th* Pulnix TM 64. 

rig. 36 further includas a darkfield shutter 408 which *nabl*s 
the optica to g«nerat* darkflald lmagea by blocking th* central ton* of th* 
illumination beam X8. Tha optical aysta. lllv*trated in rig. 36 furth.r 
include* an ND-fllter 410 which la usad to adjust th* illumination 
intenaity on th* object, and a colour filter 412 which la us*d to enhance 
the contraat of the laage. 

rig. 37 illustrate! the imaging of a number of depth imagea at a 
single location. In the illustrated example, there are three such depth 
images, but practically any number can be generated according to the 
technique described below. 

The imaging of the locationa identified aa having a high 
probability of a defect as a reault of th* Phas* I *xaeinatien. is 
accomplished aa followe: the wafer is first moved by meana of the XT stage 
(22. rig. 3) ao that the possible defect detected by th* Phase I 
examination ia located beneath the Phase II objective 300 (rig. 36). The 
autofocus 306 focusses the lens at a predetermined depth relative to the 
object'a aurface by moving the rotetion/level/focua etage 323 to the proper 
Z-poaition. 

The rotation/leval/focus stage -s accelerated to a conatant 
predetermined velocity equal to the separation distance (h) betw.en the 
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depth luffi, divided by th. time between frames. When the settling 
distance i. passed, three (or «y other nusfcer) of lu,« are recorded «t 

equally apaced intervals. 

The separation distance (h) between the depth l«ages is 
soproxlmetely equal to the depth of focua. This ensures that th* defect 
will be leafed at focua *»t least in one of the depth Images. 

Another feature of the isaoln* technique Illustrated in rig. 37 
is that the exposure time used for each image la significantly shorter than 
the true tine. This prevents the 1m,. fro. smearing due to continuous 
.otlon of the stag. 323 In the X-dlrection at the tine the lmagea are 
recorded. As one .xa.pl.. the frame tlee -ay be approximately 16 .sec. 
«hlle the exposure tine may be O.S mee. This short exposure tine is 
achieved by the built-in exposure control of the CCD camera 309. 

No. 38 illustrates both the Phase XI image preprocessor 310 and 
the Phase XX lease processor 311. 

The information d.tectod by the image converter 309 is fed to a 
preamplifier 320 in the preprocessor 310. then to a digitizer 321. end then 
to a memory buffer 322 in the image processor 311. The image processor 311 
further includes a digital signal processor which, under software control 
(bock 324 > from th< main controller (8. fig. 2), performs a comparison 
operation 327. and • classification operation 328. Since the comparison 
dictance (d) is small for typical repetitive patterns, it is assumed that 
the CCD frame contains at least two comparable units. Therefore, it does 
not perform a matching operation or a registration operation, corresponding 
to operations 123 and 126 in rig. 27. The output fro. the digital signal 
processor 323 is then returned to the main controller. 

Fig. 38 further illustrates the Phase IX image processor 311 as 
including a hardware accelerator 329 for accelerating particularly the 

comparison operation. 

The foregoing ^rations are described more particularly below 

with reference to rig. 39. 

The input to the Phase II image proewssor includes a set of 
mages taken fro. the inspected pattern In the neighbourhood of a suspected 
location designated by the Phase X isage processor. A set includes five 
;n*,e. taken with focuasei at different depths in order to accommmodate 
variations in the thickness of the wafer or pattern, or to accommodate 
multi-layer patterns. 



^ohbourhood in th. lm*fl«« Xocatod at th. dl.tanc. d . «. 

te . n-^oo. -.ct.cn cp.ct.on 32,, out^ttln, an ln.p~t.d 
.nd . r.f.r.nc. «on. *>r ..ch l~o. in plMl , 
Circuit 327 ccoar.. th. «r.y W pl "\;V* 
olx.l. and adaptlv. thr.ahold. obtain* fro. a thr.ahold 
.urroundln, * " ta ^ ^ utt „ clfCult eW t.. th. thr.ahold. .t 
co.put.tlon circuit 12t. Th. latt ^ clrcult 

«.ch piK.1 location according to th. r.aw 

324 * -4,«,tt 327 indict.. aua?*ct.d d.f*Ct.. 

Th. output of co.p*r. circuit 327 inaiw *~ 

-a «. cd to th. d.t.ct el.Mlflc*tlon circuit 328. 
loctlon .nd tcor., and 1. l« to th. c*i*c fc 
Circuit 328 char.ct.rU.. th. data d.f.ct. ut UUU* not « Y ^ 

- ^«r«iit 327. but .1.0 pr.vlou«ly aath.r «u • 
of th. co.par. circuit 327 but P J2JJ u 

th . d.t.ba.. 330. Th. out*, of * ^ ^ ^ ^ 

fed to th. uln controll.r (6, rio». i *~ 
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coneiata of fcr blocks of the modelling lyitn: a preproceasor 400, a 
•pxnner 402, a convolver 404, and an adjustment unit 406. The preproceasor 
400 and the adjuetment unit 406 art used prior to inspection, while the 
apannar 402 and tha convolvar 404 ara uaad during inspection. 

Tha modelling of tha scattering ia baaed on tha following 
principles : 

(a) tha pattarn of tha objact conalata of typical faaturaa, such 

aa comara and curvsa; and 

(b) tha modelling extracts thaaa faaturaa from tha databaaa and 
aaaociataa with aach faatura ita correaponding scattering aignal. 

A faatura ia part of tha pattarn which may ba daacrlbad by iom 
attributes. Tha pattarn on tha inapactad objact ia daacribad by a liat of 
faaturaa. A faatura cay ba althar a coroar or a curva. 

Thara ara six kinda of comara, aa illustrated in rig. 41 . tach 
cornar may appaar in ona of eight poaaibia orientationa. Tha orientations 
are given by 0«45n, where t«0,1, — 1. The corners in Fig. 10 ara in the 
orientation of 0-0* (that la, t-0) 

A corner location ia tha location of the edgea intersection. The 

corner characteristics are: 

k - kind, (see rig. 41) 

t - orientation t»0, -—,7. 
There are three kinds of curves aa shown in rig. 42. Curvature 
CR" 1 (>.0>, and normal direction o(0sa*360), are associated with each unit 
length (e.g., one pixel) of curve k«t or k-2 kind. Curve CO, normal 
direction a, 0sa«360 and langth ara associated with each kind k-3 curve. 
Tha normal direction is always fro* black to white. This curve location is 
the center of the curve. 

The curve charactaristics ara aa follows: 
k - kind, k«1,2,3 (see rig. 42) 

L - Length, if k-1 or k»2 then L-1, if k-2 than Lsl. 
c - normal direction froe black to white, 0 # las 360 . 

C - Curvature is computed from the radlua by A 

To aummarire: each faatura ia represented by claas, location, 
and charecteriatica, where: Class is either a cornar or a curve; and 
location if given by <x,y) in a resolution higher than the imaging 
resolution (that ia, if pixel size in the isage ia M p*\ the location 
resolution is at laaat p/16). Tha resolution la chosen such that a 
pinhoie/pin dot la at laast four pmela. 

Tha following table summarises the above: 



clan porner CUOCI 

Characteristics X, t K, L# a, C 

Location idge Intersection Center of Curve 



The role of the modelling is to generate, based on the festures 
described above, a plurality of synthetic or simulated scattering Images to 
be compared to the actual luge detected by the detectors. Zn this case, 
there are eight detectors 0 t -0 a# arranged in a circular array, as 
illustrated in rig. 43. 

The modelling consists of two steps: first, high-resolution 
acatterlng imagea are generated; and second, the images are convolved in 
order to simulate the optic smears. Two different models are used: one 
model for corners, and another model for curves. 

In the modelling of comers, data is computed regarding the 
acatterlng intensity and the corner ahlft. The acatterlng intensities, 
f (k,t>, for all kinds of corners Mk-1,2, — «) and orientation* 
<t«0 f 1 f — 7) for detector 0 1# are measured and saved. The scattering 
lnteneity Z of corner k at orientation t and detector 0 is calculated as 
follows: 

Z <k,t,D) • f(k,(t-0]) 
where (t-OJ ■ (t-D) modulo 6. 

With each corner kind (k), a corner shift (r/fr) (k] is alao 
measured and aaved in polar coordinates for t«0. 

The comer shift represents the actual location of the comer 
relative to its location in the database, and is a function of the 
manufacturing process. 

The comer shift can be further understood using fig. 44. The 
actual location of the comer is calculated as followa: 

X actual « X database * Ax 
Y actual • Y database ♦Ay 
where: X • r cos 6 

Y • r sin S 
and A • «%43*t 

The scattering intensities for different values of C are measured 
and savod for Oto t360 for detector D f and for the three kinds of curvms. 
The scattering function Is g(k,a,C>. A typical function g is described in 
rig. 45. 

rig, 45 is an eKecpla of g(k,o,CJ for k-1 (the meaning of k and a 
is givmn in rig, 46). The function g la givmn for a number of values of 
curvature C when only two are shown in rig. 45, C o «0 and C^>0 (in tact, the 
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r ..p~tlvly, *h.r... th. function (r.O) .Uulat.. th. .hi it (roundlnc) of 
th. corn.r. by th. .anufacturlng proc..., a. lliu.trat.d In fia. U. Th. 
.pann« uaa. th. f..tur. data and th. Hd.1 dat. la ord«r to o.n.r.t. .Icht 
hlgh-r.aolutlen scattering lu«M. 

Th. Mthod u..d lor o.n«ratlno th... i«*9«t c«i b. further 
und.r.tood ualn, flf . 4». Th. .pann.r (402, flat. 40 and 17) flr.t 
cl.a.ifl.. th. f.atur. to b. .Ithw • com.r or . curv. (block 430) mi. 
th .n u... th. .ppropri.t. «od.l In or<Ur to clcul.t. th. .ctt.rina 
infn.lt!.. fro. th. f.atura.. line • .tr.loht lln. (curv. of kind k-3) 
conal.t. of t ..9~nt.. th. ac.tt.rin. ln.fn.lty t. ...oclafd with 

•ach ..ciunt of th. lln*. 

Thu.. ahown in th. flow chart of fla. 49, if th. f.tur. i. 
d.t.r.ln«l to b. • com.r. th. .y.t.. ccput.. th. actual location U\y') 
.« .hewn in block 432? th.n co.put«. th. int.euity Xtk.t,D> for .ach 
dat.ctor D,-0 8 (block 434); and th«i ...ion. th. corr.ct int.n«lty in th. 
rlcht location for .ach datactor (block 436). 

On th. cth.r hand, if th. f.atur. i. d.t.raina<l not to b. a 
com.r (i.... a curv). a chwk 1. «d. to d.t.r*ln. th. kind of curv. 
Thu.. if "k" i." not a .traight lin. a. ahown in fic. 42 (block 43$). a 
cc.put.tlon la nad. of th. int.ntity (block 440). and of th. point, of 
th. a.c«.nt (block 442); and than th. correct int.naity i. aaaicnad to th. 
correct location (block 444). On th. oth.r hand, if th. f..tur. la 
d.t.r.ln.d to b. * curv. (block 436). a computation 1. nad. of th. 
lnt.n«lty (block 446). and th.n th. corract int.naity ia a.aicn.d in th. 
corract location for .ach d«t«ctor (block 448) . 

Th. convolve (block 404, fio. 40) earn., out a convolution on 
th. hlch-r..olutlon inaoa input. Th. k.m.l of th. convolvr alaulat.a th. 
point-.pr.ad function of th. .lactro-optical 1m««. Th. output of th. 
convolvr 1. an to*,, with a pl«.l ait. which 1. ld.ntic.l to th. on. of 
th. acquired laa 9 .. Such convolvr. ar. wail known. 

Th. ad1uat..nt unit (block 406. ria. 40) u... input l.a 9 «a of 
known curv. and ccm.r. in ord.r to build th. «od.U for f.g and <r.*>. 
Th. l*a 9 .a ua«d for adjuataant purpoa.a «ay b. known t.at patt.rna. Th. 
•d)u.t«.nt procaa la Md. prior to ln.p.ction and My b. don. one. for 
.ach typ. of product. Th. aod.L of f.o *«* <r.«1 ar. uaad by th. acann.r 

.a d«*crlb«d abov.. 

Xn th. pr.f.rr«d .mbodt«.nta of th. Invention d.acnb«» abov.. 
both th. Ph... I .«..in.uon and th. Phaa. II .aa-inatlon ar. .ff.cfd. on. 
.uto-atically aft.r th. oth.r. It la contwpl.fd. hovv.r. that th. 
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invention Mill b. «PS*r«nt. 



